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Although the pathways are not
completely separate — CBI-12
does excite B34, just to a smaller
extent than CBI-2 — the
differential strengths of the effects
indicate that, in this system, two
functionally distinct pathways —
‘modules’ in the words of the
authors — exist at all levels from
descending interneurons to motor
pattern generator network, with
CBI-12/B30/B65 shortening the
duration of protraction and CBI-
2/B34/B40 lengthening it.
These results raise two general
issues. The first is to provide
further motivation for determining
in other systems whether
command-like descending
neurons feed onto distributed or
dedicated intermediate
interneuronal levels. The second
stems from the facts that the work
reported here examined only bites,
but the Aplysia feeding neural
network also produces bite-
swallows and rejections. An
important next step is thus to
determine whether the CBI-
12/B30/B65 and CBI-2/B34/B40
pathways also control protraction
duration these other feeding
related motor patterns.
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The centrosome is the primary
microtubule nucleating centre
within most animal cells at all
stages of the cell cycle, but on
entry into mitosis, microtubule
assembly at the centrosome
dramatically increases in a process
termed maturation (reviewed in [1]).
This activation enables
microtubules to grow out from the
centrosome, interact with
chromosomes and form the bipolar
spindle required for chromosome
segregation. At the same time,
many proteins are recruited to
centrosomes, including the γ-
tubulin ring complex and other
microtubule regulators (reviewed in
[2]). Although the centrosome has
been a focus of investigation for a
long time, little is known about how
the cell-cycle machinery induces
centrosome maturation.
The mitotic kinase Aurora A is
known to be required for the
maturation of the centrosomes
that occurs in mitosis [3,4]. Three
recent studies [5–7] have provided
significant new insight into the
molecular nature of Aurora A
regulation of centrosomal
microtubule assembly. These
studies show that Aurora A
phosphorylates the conserved
centrosomal protein TACC, and
that this phosphorylation leads to
increased microtubule assembly
at the centrosome. Whilst a
previous study [8] showed that
Aurora A could phosphorylate the
Drosophila TACC (D-TACC) in
vitro, the new studies [5–7] clearly
demonstrate the functional
significance of this
phosphorylation in vivo.
Residues Ser626 of the main
Xenopus TACC (TACC3/Maskin) is
a major site of Aurora A
phosphorylation in vitro [9].
Mutating this conserved residue in
the D-TACC protein (Ser863)
dramatically reduces the number of
astral microtubules emanating from
the centrosome [6]. The
importance of Aurora A
phosphorylation was also
demonstrated in the Xenopus
TACC3 protein [5,7]. An additional
two Aurora A phosphorylation sites
in the Xenopus TACC3 protein
were identified and mutated
(Figure 1). Unlike the bacterially
expressed wild-type protein, the
non-phosphorylatable form of
TACC3 could not rescue
microtubule assembly around
centrosomes [5,7] or spindle size
[7] in Xenopus egg extracts
depleted of endogenous TACC3.
Together, these studies [5–7]
demonstrate that Aurora A
phosphorylation of TACC is
The centrosome is the main microtubule organising centre in the cell.
During mitosis, centrosomes dramatically increase microtubule
nucleating activity, enabling them to form a mitotic spindle. Recent
studies show that Aurora A kinase promotes microtubule assembly
from centrosomes through the phosphorylation of the conserved
centrosomal protein TACC.
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important for the assembly of
microtubules at the centrosome in
mitosis.
The new papers [5–7] address
the question of how TACC
phosphorylation changes
microtubule assembly around the
centrosomes. A simple hypothesis
would be that Aurora A
phosphorylation is needed to
recruit D-TACC to the
centrosome. As Aurora A has
been shown previously [8] to be
required for D-TACC localisation
to the centrosomes this would
seem a likely explanation. Indeed,
Aurora A phosphorylation does
appear to be responsible for
TACC3 centrosome localisation,
as mutation of all three serines in
TACC3 dramatically reduced
centrosome localisation [5,7]. 
Barros et al. [6], however, found
that mutation of D-TACC at
Ser863 alone does not
significantly affect the centrosome
localisation of D-TACC, though it
does reduce microtubule
assembly at the centrosomes. So
phosphorylation at this particular
site alters the activity of the
protein rather than its recruitment
to the centrosome. The likely
explanation is that the recruitment
and activation of TACC may be
controlled by phosphorylation of
different sites by Aurora A.
How does the change in TACC
activity and localisation regulate
the centrosome activity? As TACC
itself has no microtubule
stabilising activity on its own [5],
the effect on microtubule
assembly is thought to be
mediated by other effector
proteins. The most likely
candidate for the effector is Mini
spindles (Msps)/XMAP215.
Drosophila Msps and Xenopus
XMAP215 belong to a conserved
family of microtubule-associated
proteins [10] and are major
microtubule regulators in mitosis
and interphase [11,12]. It was
previously shown that Msps
physically interacts with D-TACC
[13,14] and recruitment to the
centrosomes depends on D-TACC
[14]. One function of XMAP215 is
to antagonise the microtubule
destabilising activity of KinI
protein during mitosis [15,16].
Consistent with the idea that
TACC acts through XMAP215,
Peset et al. [7] showed that
depletion of the Xenopus KinI
protein (XKCM1) rescues the
effect of TACC3 depletion in
Xenopus extract.
In addition to recruitment of
Msps, D-TACC is required for the
activation of Msps through
phosphorylation by Aurora A, as
D-TACC protein mutated only at
Ser863 is able to recruit Msps to
the centrosomes but not promote
microtubule assembly [6]. Indeed,
Kinoshita et al. [5] found that
TACC3 can alter XMAP215
activity, increasing the latter’s
affinity for microtubules and
enhancing its ability to stabilise
microtubules in vitro. They did
not, however, show that TACC3
phosphorylation changes
XMAP215 activity. Currently,
which aspect of Msps/XMAP215
activity is affected by TACC
phosphorylation at Ser863 is
unknown.
How does the
TACC–Msps/XMAP215 complex at
the centrosome stabilise
microtubules? Whilst it has been
shown that XMAP215 protein acts
mainly on microtubule plus ends
[17], this family of proteins are
most strongly concentrated at
centrosomes [9] where the minus
ends of microtubules are found. To
explain this paradox, two models
have been proposed (Figure 2).
One proposes that a high
concentration of Msps/XMAP215
at the centrosomes might enable
the protein to be loaded onto
microtubule plus ends as they are
nucleated [5]. Alternatively,
Msps/XMAP215 can stabilise the
minus ends of microtubules after
they are released from their
nucleation sites [6]. Evidence so
far cannot distinguish between the
two models. D-TACC–GFP can be
seen localising to both the plus
ends and the minus ends of
microtubules around the
centrosomes [6,14]. In addition,
XMAP215 or its homologues have
been shown to affect microtubule
dynamics at both ends [17]. The
mechanism by which the
TACC–Msps/XMAP215 complex
stabilises centrosomal
microtubules remains to be
clarified.
It also needs to be determined
how universal the role of TACC
proteins in centrosome
maturation is. Depletion of TACC3
in human cultured cells did not
reduce centrosome localisation of
the human XMAP215 homologue
[18]. Furthermore, a d-tacc
Drosophila mutant, which
produces less than 1% of the
protein, is fully viable, suggesting
D-TACC is not essential for
somatic mitosis [14]. It remains to
be seen how the apparent
disparity among different systems
can be reconciled.
Despite the questions that
remain, identification of TACC as
a target of Aurora A is a key step
in understanding the mechanisms
involved in centrosome
maturation at the start of mitosis.
But Aurora A is likely to have other
targets at the centrosome that
remain to be identified. Similarly,
Aurora A is not the only kinase at
work at the centrosome and other
kinases, such as Polo, have been
Dispatch    
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Figure 1. Aurora A
phosphorylation sites in
TACC and their function. 
The structure of the
Drosophila (D-TACC) and
Xenopus (TACC3) TACC
proteins. The blue region
corresponds to the
conserved TACC domain.
The green areas are
regions that are conserved
between the TACC3 homo-
logues only. The serines
phosphorylated by Aurora
A are shown in red, one of
which (S863 in D-TACC
and S626 in TACC3) is
conserved. Phosphorylation of this residue is involved in regulating D-TACC activity at
the centrosome. The phosphorylation sites are also involved in recruiting TACC to the
centrosomes. At present it is not clear if only one or a combination of these sites needs
to be phosphorylated for centrosome recruitment. 
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shown to play a role in
centrosome maturation [19].
Identifying other targets of mitotic
kinases and evaluating their role
in centrosome maturation remains
a future challenge.
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Figure 2. The function of Aurora A phosphorylation of TACC.
Microtubules (black lines) with minus ends focused at the centrosome (blue) and plus
ends extending away. Phosphorylation by Aurora A (Aur A) recruits TACC, and
consequentially its binding partner Msps/XMAP215 to the centrosome in mitosis. What
is the function of the complex once at the centrosome? Targeting of
TACC–Msps/XMAP215 to the centrosome may enhance the activity of Msps/XMAP215
in stabilising microtubule plus ends (1). In another model, the phosphorylation at serine
863/626 is proposed to allow the complex to stabilise the minus ends of microtubules
nucleated at the centrosome (2).
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The extent to which perceptual
and cognitive capacities are
innate and the extent to which
they are shaped by the
environment has long been a
matter of debate. Two of the
major test beds for establishing
where the line between nature and
nurture should lie have been
studies of the effects of
deprivation on the development of
perceptual abilities in animals [1],
and of language learning abilities
in humans [2–4].
Perhaps one of the most
extreme positions on this matter
was held by the German Emperor,
Infant Learning: Music and the
Baby Brain
When it comes to listening to music, infants literally have a more open
mind than their parents. Studies which investigate listening behaviour
of babies and adults have shown that, as we learn to discriminate the
musical sounds in our own environment, we become less sensitive to
those of other cultures.
